Disconnection is defined as a break in continuity of the breathing circuit from an anaesthetic machine or ventilator to the patient's airway. In this paper, accidental extubation is included as a disconnection.
For the first one hundred years of anaesthetic practice all patients breathed spontaneously. A disconnection did not usually result in an hypoxic insult to the patient, although on occasions the patient awoke from anaesthesia. With the introduction of muscle relaxants, I ventilation of the patient was performed by an anaesthetist squeezing a reservoir bag. The anaesthetist was in constant touch with his patient and small changes within the breathing system or in the patient's lung compliance were promptly detected. During the 1950s and after the publication of Automatic Ventilation of the Lungs in 1959,2 mechanical ventilation became established in anaesthetic practice. This allowed the anaesthetist freedom of movement to perform his many other tasks. Unfortunately ventilators removed the intimate awareness of effective ventilation gained by the anaesthetist squeezing a reservoir bag.
Complex surgery brought more surgical and nursing assistants and more elaborate draping. The anaesthetist became more and more removed from the patient. Without easy access to the patient the traditional visual, auditory *F.F.A.R.A.C.S. ·*F.F.A.R.C.S. and tactile monitoring became difficult and increasing reliance was made on telemetry.
Breathing system connections were removed from view and disconnection was less easily detected. Circuits were frequently constructed using items from different manufacturers, which greatly increased the potential for disconnection. It was not until 1979 that an International Standard for components of a breathing system was formulated. Even today there is no standard for components distal to the Y piece, where there may be up to five connections.
INCIDENCE OF DISCONNECTION
During the 20-year period 1960 to 1979, Holland 3 reported that in New South Wales there were lO9 anaesthetic incidents responsible for patient deaths. Seven patients died from hypoxia secondary to disconnection. In Holland's study there was a 1 in 430,000 chance of an anaesthetised patient dying as a result of a disconnection. Neurological impairment secondary to disconnection is not detected in mortality studies. The records of the medical defence societies indicate that most patients who sustain an hypoxic insult secondary to disconnection do not die but are resuscitated and sustain permanent neurological deficiency.4,5,6 Even with the greater community awareness of litigation, it is probable that some cases of brain damage following disconnection are not contested in court and remain unpublicised.
THE PROBLEM Ten to fifteen per cent of all anaesthetic mishaps are due to disconnection 7, 8, 9, 10 and in one institution an incidence of 37% was found. The true frequency of disconnection and the sites and basic design faults predisposing to disconnection are unknown. This subject received little attention in the anaesthetic literature. Several publications 8 ,9,11 on major errors and equipment failures recommend measures for their prevention and detection but no comment is offered on faulty equipment. Equipment failure is responsible for 35-44070 of all critical incident reports 6 ,8,9,11 and one is forced to presume that anaesthetists are accepting disconnection as inevitable, and inconsequential.
EQUIPMENT
There are many connections between the anaesthetic gas source and a patient's trachea, and any of these may fail. Standards 12 are now operative which regulate the manufacture of breathing circuit apparatus and this will help reduce the frequency of disconnection. The Australian Standard 2496 suggests the use of screw-on fittings. In June 1985 Drager released a lightweight plastic clip and seal system to prevent disconnection. Other workers have suggested a bayonet fitting would be suitable for this purpose. Pollard 13 has urged that Australian Standards concentrate on local problems and ignore International Standards. This has been done for breathing apparatus, humidifiers and hand-held resuscitators. Most anaesthetic equipment used in Australia is imported and altering the Australian Standard would be unlikely to influence overseas manufacturers, particularly as there is no legal requirement to produce standard equipment nor are anaesthetists compelled to use standard equipment. DETECTION Listed below are the methods used in clinical practice to detect a disconnection.
(1) Visual, auditory, tactile Vast quantities of sophisticated and expensive equipment are no substitute for constant vigilance by a well-trained anaesthetist. Monitors and alarm systems are not infallible and may be in themselves a hazard; reliance must finally be made on direct observation.
(2) Stethoscope Smith 14 in 1954 first recommended the use of this instrument as a monitoring aid during anaesthesia. Information is constantly available about every breath and every heart sound. It has been suggested that the intensity of the heart sounds gives an assessment of cardiac output. It is difficult to understand why the stethoscope is not in more general use in Australia especially since the stethoscope is often the final arbiter in respiratory problems. It has been reported [15] [16] [17] [18] that there may be difficulty in establishing the exact location of an endotracheal tube after intubation even with the stethoscope.
When surgery precludes attachment to the praecordium an oesophageal stethoscope can be used. 19 The greatest disadvantage of the stethoscope is that it restricts the movement of the anaesthetist. This problem has been overcome by the design of 'cordless' stethoscopes. 20,21
(3) Ventilator alarms
If hand ventilation is replaced by mechanical ventilation then a ventilator alarm should be used. This view is indicated by the Faculty of Anaesthetists of The Royal Australasian College of Surgeons who state that in locations where anaesthetics are administered there must be available for automatic ventilation a ventilator with a disconnection alarm. Emphasis on the mandatory use of a disconnection alarm is lost, because it need only be in the theatre suite, not necessarily connected to the patient.
Anaesthetists give many reasons for not using the alarm: 'it disturbs theatre personnel'; 'the surgeon objects to the noise'; 'the device has been out of order for months'; 'I have never had a disconnection'; 'the apparatus was not in use when I gained my diploma and I am not keen to use it'.
An audible alarm sounds if a pre-set pressure is not held within the circuit for a given time. If small-bore tubing is used in the anaesthetic circuit a disconnection may not be detected. The resistance to flow through the narrow tube allows sufficient inspiratory pressure to be generated to the alarm. 22 This applies to smallbore endotracheal tubes, where accidental extubation will not be detected.
(4) Pressure gauge within the circuit; spirometer
Both of these monitoring devices are available, relatively inexpensive and provide early evidence of a disconnection.
(5) Capnograph
The capnograph has been recommended as the best disconnection alarm. 18,23 It will detect the following: 24 -27 (a) disconnection, oesophageal intubation, accidental extubation, (b) poor pulmonary perfusion due to a low cardiac output or gas emboli, (c) failure of carbon dioxide elimination due to respiratory depression, increased dead space, exhausted soda lime, faulty valves, and (d) increased carbon dioxide production, e.g.
hyperthermia.
(6) Oxygen alarm
The standards for oxygen alarm are at present being considered by both the International Standards Organisation and the Standards Association of Australia. To allow production at reasonable costs it is likely that wide limits of tolerance will be allowed (i.e. ± 5070). An approved oxygen alarm set at 21070 may then not alarm until the oxygen level reaches 16070. The ability of an oxygen alarm to monitor disconnection will depend on: order of accuracy, response time, the alarm settings, whether the bellows falls downwards during expiration and position of the probe in the circuit.
If used in the expiratory limb an alteration of oxygen concentration may warn of a disconnection. 28 ,29 The oxygen alarm should be set a little below calculated expired oxygen concentration. At this setting even a partial disconnection with air entrainment will be detected. If a disconnection occurs under surgical drapes and the ventilator has a falling bellows, anaesthetic gases can be sucked back into the expiratory limb. The oxygen concentration in the expiratory limb will not fall and the oxygen alarm will not be activated. 30
(7) Pulse oximeter
This instrument provides an accurate measurement of the arterial oxygen saturation with a response time of seven seconds in the normal operating mode. Audible and visual alarms warn immediately if the saturation falls below pre-set limits. It is unlikely to be widely used in clinical practice as it has a purchase price of over $AlO,OOO.
(8) Electrocardiograph and blood pressure measurement
There are three signs immediately available to the anaesthetist which indicate life in his patient: consciousness, respiratory activity and some measure of cardiac output. In the anaesthetised, paralysed patient two of these indicators are abolished. The ECG, favoured by many as the ultimate monitor, does not give any indication of cardiac output. Some ECG monitors have a respiratory rate counter and apnoea alarm facility. Their reliability is dependent upon accurate, secure electrode placement.
Blood pressure measurement gives information about the haemodynamic status of the patient; however, hypoxic brain damage can occur before there are marked changes in pulse rate or blood pressure measurements. 6 
VIGILANCE
Human errors, technical and judgemental, and lack of vigilance, are responsible for 50-90070 of anaesthetic mishaps. The anaesthetist more than any other practitioner is constantly in a position where a temporary lapse of concentration, error of technique or judgement can have devastating consequences.
In administering an anaesthetic the anaesthetist often has to perform many tasks within a very short period. 31 Apart from the effect of pollution 32 there has been little investigation into the performance of the anaesthetist while peforming his many tasks, Monitoring implies the reception of incoming signals either directly or by telemetry. Vigilance, however, implies perception of changes in received signals when the observer may have little prior knowledge of the forthcoming changes. The difficulty confronting the anaesthetist is that several observations often have to be performed sim ultaneously.
No facts concerning the optimal working environment of the anaesthetist are available. Paget 31 has suggested several factors that will lessen the performance of the anaesthetist in his tasks of vigilance. The most important are the form of the signal(s), visual or auditory, being received and distractions. Auditory signals produce a much shorter reaction time than visual signals especially when it is a new signal. It is well known that sudden changes in the cycling noise of the ventilator or the beep of the ECG are quickly perceived. Alarm signals enhance the anaesthetist's level of vigilance.
Records meticulously kept are an essential part of any anaesthetic procedure but obsession with record-keeping can be a distraction. A patient can suffer hypoxic brain damage even though observations of vital signs have been faithfully performed every five minutes. CONCLUSION Surveys of the incidence of disconnection in anaesthetic practice indicate that it is much more frequent than is generally realised. These surveys have been restricted in scope and aim: the most common sites of disconnection and the morbidity associated with disconnection are unknown.
There are obvious faults in the linkages of breathing systems and efforts must be made to improve this situation. Action must be taken on an individual, institutional and national level.
Several devices are available which enhance the vigilance of the anaesthetist in detecing disconnection. None of these is infallible and the stethoscope remains the best instrument to monitor ventilation. It is logical and convenient to have it applied to the chest soon after induction.
The Faculty has stated that all automatic ventilators should have a disconnection alarm system. The reason why these alarms are not Anaesthesia and Intensive Care, Vol. 14 
